Down syndrome is characterized by a host of behavioral abnormalities including sleep disturbances. Sleep and EEG was studied at the age of 3 months in two mouse models of the condition, Ts65Dn and Ts1Cje, carrying one extra copy of partially overlapping segments of the mmu chromosome 16 (equivalent to the human chromosome 21). We found that the Ts65Dn mice showed increased waking amounts at the expense of non-REM sleep, increased theta power during sleep and a delayed sleep rebound after sleep deprivation. In contrast, Ts1Cje had limited sleep and EEG abnormalities, showing only a delayed sleep rebound after sleep deprivation and no difference in theta power. We previously found that mice over-expressing the human APPwt transgene, a gene triplicated in Ts65Dn but not Ts1Cje, also show increased wake and theta power during sleep. These results demonstrate abnormalities in sleep and EEG in Ts65Dn mice and underscore a possible correlation between App overexpression and hippocampal theta oscillations.
Introduction
Down syndrome (DS) is a common chromosomal abnormality and one of the most frequent cause of mental retardation (Epstein, 1995) . DS results from the triplication of the whole or distal part of human chromosome 21 (chr 21) (Lejeune et al., 1959) . Patients with DS suffer from many health problems (Epstein, 2002) and are known to have disturbed sleep, a common cause of difficulties for family members and a possible contributor to cognitive difficulties (Andreou et al., 2002) . A major contributor to sleep abnormalities in DS is sleep apnea, a consequence of the unique craniofacial profile of these patients, obesity and possible abnormalities in upper airway muscle tone (Donnelly et al., 2004) . Beyond sleep apnea, however, sleep has been shown to be independently disturbed. Core sleep abnormalities include prolonged sleep latency, increased sleep fragmentation and light sleep and a reduction in rapid eye movement (REM) sleep with abnormal occulomotor movement frequency during this stage (Grubar et al., 1986 , Hamaguchi et al., 1989 , Diomedi et al., 1999 , Levanon et al., 1999 , Andreou et al., 2002 . Only one study inspected quantitatively the EEG of DS patients during sleep and found a specific decrease of alpha power during REM sleep (Smigielska-Kuzia et al., 2005) . Abnormalities in the waking EEG have also been reported. These include a slower alpha band (8-12 Hz) and/or an increase in theta band power (4-8 Hz) (Hirai and Izawa, 1964 , Schmid et al., 1985 , Politoff et al., 1996 , Katada et al., 2000 during wake. Waking EEG spectra abnormalities have been found to correlate with cognitive difficulties, suggesting clinical relevance (Politoff et al., 1996) .
One difficulty in interpreting the mechanism and significance of these results is dictated by the complexity of the genetic defect involving triplication of hundreds of genes and multiple downstream phenotypes (Antonarakis et al., 2001 ) that could interfere with sleep. Several strategies have been used in mice to circumvent this problem. These involve models of transgenic overexpression of single genes or larger human genomic segments and creation of mouse models carrying partial triplication in regions of MMU16 syntenic to human chromosome 21 (segmental trisomy models or Ts) (Dierssen et al., 2001) . Among these models, Ts65Dn and Ts1Cje are especially useful as they contain triplications of partially overlapping segments in the critical DS region and cover most of the region triplicated in humans (Epstein et al., 1985 , Salehi et al., 2006 .
In this study, we have used these genetic models of DS to explore whether sleep abnormalities could be identified and further map these changes to specific genomic subsegments. We believe this approach to be useful not only for DS research but also to the identification of potential sleep regulatory genes. Indeed, sleep in mice has been shown to be under strong genetic control, both in terms of quantitative aspects (e.g. sleep amounts), qualitative differences (e.g. spectral analysis) and homeostatic regulation (e.g. sleep rebound after sleep deprivation). Indeed, strong differences in sleep occurrence, EEG and regulation have been found across various inbred mice strains (Valatx et al., 1972, Franken et al., 
